kokako l (Callaeas cinerea; in severe decline), or pollinators, e.g., stitchbirds (hihi, Notiomystis cincta; in severe decline; Atkinson and Millener 1991) . Two species of short-tailed bat (family Mystacinidae) were both fruit and nectar feeders (Daniel 1976 ). The greater short-tailed bat (Mystacina robusta) is now extinct, and the lesser short-tailed bat (M. tuberculata) is in sharp decline (Lloyd 2001) . Lizards have also suffered post-human declines in density (Towns et al. 2001) , and it has been suggested that they may also have been important in pollination and dispersal (Whitaker 1987) . However, work on offshore islands, where lizard densities remain high, has shown that although lizards do visit some flowers (Eifler 1995) , they have limited ability to move between plants, and there is as yet no evidence that they played a significant role in pollination. The evidence is stronger for lizards as effective, albeit . short-range, seed dispersers, as in the case of Coprosma propinqua (Wotton 2002) .
The result of these species losses and declines is a reduced set of vertebrate dispersers and pollinators over much of the New Zealand mainland, but with a more intact fauna on some of the offshore islands that are predator-free. Of the species capable of dispersing the largest fruits (> 14 mm diameter), only the New Zealand pigeon (kereru, Hemiphaga novaeseelandiae) remains (Clout and Hay 1989) . Six plant species have fruits larger than this, and are thus vulnerable to the loss of kereru, which appears to also be in decline (Clout et al. 1995) . Several other native birds take smaller fruit, particularly bellbirds (korimako, Anthornis melanura), tui (Prosthemadera novaeseelandiae), and silvereyes 2 (Zosterops lateralis), along with stitchbirds and saddlebacks (tieke, Philesturnus carunculatus), which both also take fruit but now persist only on island bird sanctuaries. Four native bird species regularly visit flowers -bellbirds, tui, stitchbirds and silvereyes. Saddlebacks, kaka (Nestor meridionalis), and kea (Nestor notabilis) are occasional flower-visitors. All except silvereyes have been reduced in density and/or range. As far as is known, no extinct birds were significant flower-visitors (Atkinson and Millener 1991) .
The native insect-pollinating fauna is fairly small and simple, with no hawkmoths, few "primitive" bees, and few butterflies (Dugdale 1975; Godley 1979) . The most common invertebrate flower-visitors are flies and moths. It is unclear whether these groups have suffered declines; no extinctions of native invertebrate pollinators are known (J. Dugdale, personal communication) but . our knowledge of the prehuman and post-human insect pollinators is very sketchy, so losses may have gone unnoticed.
Bird names follow Heather and Robertson (1996) . The silvereye has been variously treated as native or introduced, because it first established in New Zealand in 1856. Since it apparently arrived without direct human assistance, we follow Heather and Robertson (1996) in calling it a recently arrived native. It is now widespread (Bull et al. 1985) .
There is increasing evidence that the losses of mutualists from much of New Zealand are having an effect on the reproduction of native plants. Mainland-island comparisons suggest that the fruit dispersal of nikau (Rhopalostylis sapida), kotukutuku (Fuchsia excorticata), and karo (Pittosporum crassifolium) is reduced or slowed by a lack of frugivores on the mainland (Anderson 1997; McNutt 1998) . The fruit and seed production for six of seven species of bird-pollinated trees and shrubs has been shown to be pollen-limited at some mainland sites (Anderson et al. 2006) . For instance, the red mistletoe (Peraxilla tetrapetala) is regularly pollen-limited at two South Island sites Kelly et al. 2004) , and the climbing fuchsia (Fuchsia perscandens) also has very low fruit set at two sites near .
Christchurch (Montgomery et al. 2001) . Both species are pollinated by bellbirds and tui, which at the study sites of both these plants are now uncommon and locally extinct, respectively.
Recent observations of relative abundances might suggest that introduced animals have now become quite important for pollination and dispersal of native plants in New Zealand. It is possible that they might offset the losses of native animals. Although there have been extinctions or severe range and density reductions in important native bird mutualists, a number of introduced plant visitors are now very widespread. The two most widespread of all bird species in New Zealand are the introduced chaffinch (Fringilla coelebs) and blackbird (Turdus merula; Bull et al. 1985) , which visit flowers and fruits (Williams and Karl 1996; Ladley et al. 1997 ). In fact, 11 of the 15 most widespread birds in New Zealand are introduced (Bull et al. 1985) . O'Donnell and Dilks (1994) and Burrows (1994) showed that blackbirds were important for dispersal of various native plants. Burrows said "had it not been for the naturalisation of silvereyes and blackbirds, last century, the link between birds and seed dispersal in Banks Peninsula forests would now be very tenuous" (Burrows 1994, p. 177) . Introduced feral bumblebees can be found throughout the country, and honeybees are "probably one of the most common and continuously present insects" (Donovan 1980, p. 109) . Butz Huryn (1995) provided a list of 188 native plant species whose flowers are visited by honeybees.
However, a quantitative assessment of the importance of introduced animals has not previously been attempted. There are three possible measures of the importance of introduced species. The least accurate is based on pres-. ence/absence -the percentage of introduced species in lists of all visitors to flowers or fruit. The second is quantitative, based on the percentage of visits made by various species. The third and most accurate is effectiveness, which takes into account both frequency and efficacy of visits (e.g., the proportion of flowers successfully pollinated by a particular animal). There are preliminary indications from quantitative information that introduced dispersers may be less important than a "species list" approach suggests: introduced birds around Nelson were more likely than native birds to feed on fruits of introduced plants (Williams and Karl 1996) .
The aim of this review is to evaluate the relative importance of introduced animals for pollinating and dispersing native plants, based mainly on the frequency of visits to flowers and fruits. Ideally, this assessment would be based on effectiveness, but there are few data on the effectiveness of individual animals as pollinators or dispersers (e.g., Robertson et al. 2005) . Hence, a comprehensive review at that level is not yet possible.
Approach
We use the term "mutualist" to mean "animal pollinator of flowers or disperser of seeds". We use "flower-visitor" to mean an animal recorded approaching flowers. Such animals may be effective pollinators, may be partial or complete robbers of nectar and/or pollen, or may be searching for other foods among the flowers, with or without incidental pollination. Only when there is clear evidence that the visitor is not achieving any pollination (e.g., kereru eating flowers of a range of different plant species; O'Donnell and Dilks 1994) do we exclude those data. Similarly, for "fruit-visitor" we include all animals visiting fruit, although some may be partial or complete seed predators (e.g., most parrots) or incidental visitors.
To estimate the relative numerical importance of introduced animals, we collated all published studies where the percentages of visits made by all different taxa to native plants were given. Studies that listed the species visiting flowers or fruits without numerical estimates of their importance (e.g., Primack 1983), or that listed native flowers or fruits in the diet of introduced animals (e.g., Butz Huryn 1995; Williams and Karl 1996) were not included. We supplemented the literature with our own unpublished data. Generally, the proportion of "visits" made by each group was measured by the relative length of time spent foraging on fruits and flowers.
In a few cases, several related plants were grouped together (e.g., climbing Metrosideros spp.). Bird visitors to plants were identified to species level. In most cases, invertebrate flower-visitors were identified only to broad taxonomic groups, some of which (e.g., Diptera, Coleoptera) may contain a mixture of native and introduced species, although these groups are almost certainly dominated by native species. Bombus spp., Apis mellifera and Vespula spp. were always separated from other flower-visitors. Data in O'Donnell and Dilks (1994) were presented as percentages by columns (birds); we multiplied up to counts, then calculated percentages by rows (plants), excluding plants with fewer than 10 observations. Our own data were obtained either by direct or video observation of groups of plants during the flowering or fruiting season (see Robertson et al. 1999 for details). The data presented here are the proportion of visits made for site-species combinations. Where data from more Tisch (1996) Total visitation by introduced species than one season were available for a site ,we averaged all seasons to provide a single value for that site.
Bird Flower-Visitors
We found 52 cases covering 18 native plant species from 31 sites throughout New Zealand, visited by 16 bird species of which five (3 1 %) were introduced (Table 15 .1). I n 36 cases (69 %),there were n o introduced birds recorded visiting flowers. The most often recorded introduced bird, the house sparrow (Passer domesticus), made only 3.1 % of all visits, and all introduced species together totaled only 5 %. In contrast, the endemic tui and bellbird and the native silvereye combined made 89 % of all visits. The average for the endemic stitchbird was as high as for sparrows, despite stitchbirds being present at only two island sites, where 10 of the 52 cases were measured. In these 10 cases, stitchbirds m a d e 15.3 % o f all flower visits. The key variation among cases was the percentage of flower visits by silvereye versus all other native birds ( Fig. 15.1 Endemic birds (%) Fig. 15 .1 Percentage of avian flower visits made by introduced birds, native silvereyes, and all other native birds (nearly all endemic), in 52 quantitative studies on 18 native plant species. The greater the importance of introduced birds, the higher the data point will be above the baseline. Sites in the bottom left are dominated by endemic birds, those in the bottom right by silvereyes and in the top by introduced birds. See Table 15 .1 for a full listing of bird and plant species 5 % of visits; the most important introduced flower-visitors at these sites were chaffinches and sparrows ( 
Bird Fruit-Visitors
The 39 cases covered 32 native plant species from 10 sites from South Westland to Auckland, although two-thirds of the cases came from the Westland site. The plants were visited by 22 bird species, seven of which (32 %) were introduced (Table 15 .2). However, 15 of the bird species (including six of the introduced species) were minor fruit-visitors, each responsible for < l % of total visits. Four native species (silvereye, bellbird, tui, and kereru) accounted for 83.7 % of all visits. There were more cases (than for pollination) with nontrivial contributions by introduced birds ( Fig. 15.2 introduced fruit-visitors, and the average contribution by exotics was only 5 %. By far the most important introduced bird was the blackbird, responsible for 3.9 % of all visits (76 % of introduced bird visits), but the endemic saddleback was almost as high in overall contribution to visits (Table 15 .2, Fig. 15 .2), despite being extant at only one study site (Tiritiri Matangi Island) where four plant species were studied. Saddlebacks made 30.4 % of all visits to these four species.
Invertebrate Flower-Visitors
We found 15 cases for insect visitors to 12 plant species ( Primack (1979) ; 4 Murphy (1996); 5 Primack (1978) ; 6 Bocher and Philipp (1985) Total visitation by introduced species its from introduced bees and wasps recorded, whereas in five cases these insects made more than half of the visits. The rate of visitation by honeybees may depend on the distance to commercial hives (e.g., close at Tongariro, and distant at Mt. Hutt). In some cases, visits from native vertebrates, which are not shown in Fig. 15 .3, may be more important than those from insects (e.g., bats to Dactylanthus; Ecroyd 1996) , but in other cases (e.g., Hebe stricta, one site of Sophora prostrata), no vertebrates were recorded as visitors. Overall, introduced Hymenoptera were responsible for 29% of the visits made by insects, which represents a level of relative visitation to flowers that is five times greater than that shown by introduced birds. However, only half of these 12 plant species have "entomophilous" flowers (Table 15. 3), and the mean level of visitation by introduced hymenopterans for the entomophilous species was somewhat lower (18 %).
Implications of Findings
The key result from the data is the relatively low importance of introduced animal mutualists, especially birds. Their quantitative contribution to flower and fruit visits (c 5 %) is much lower than would be expected from a summary of species lists of plant visitors (c 33 %). Among introduced birds, only blackbirds (for fruit), chaffinches (for flowers), and sparrows (for flowers) make any appreciable percentage of visits, but even the uncommon endemic kaka is more important than any of these widespread and abundant introduced species (Fig. 15.4) . Plant-bird mutualisms are now almost entirely dependent on four native birds, with the silvereye and bellbird predominant. Tui make up slightly fewer visits but are significant as the longest-billed species, which are important to long-tubed flowers such as Sophora spp. (Anderson 1997) . Kereru are important for dispersal of fruits too large (>l4 mm) for the other birds to swallow (Clout and Hay 1989) , although their overall contribution as mutualists is reduced by their negative role in pollination -they eat the flowers of at least six native plants (O'Donnell and Dilks 1994) .
However, there are several limitations to these data. Relative visitation rates do not tell us about the absolute level of visitation to plants, which may be too low for adequate pollination or dispersal. In some cases, the relative contribution of exotic birds rises because the absolute contribution of native birds falls (e.g., P.tetrapetala at Ohau; Ladley et al. 1997; Robertson et al. 1999) , but this does not mean that the exotic birds are providing adequate service. Also, the effectiveness of different animals as pollinators and dispersers varies widely. Flower-visitors may be partial or complete nectar-robbers, which can reduce the attractiveness of flowers to legitimate pollinators (Irwin and Brody 1999) , or cause direct mechanical damage to flowers (Anderson 2003) . Fruit-visitors may be partial or complete seed-predators (e.g., native parrots; O'Donnell and Dilks 1994), or may eat the fruit flesh without moving fruits away from the parent (e.g., fruit bats; Rainey et al. 1995) .
Direct measures of mutualist effectiveness in New Zealand are scarce but some facts are known at a qualitative level. Short-beaked birds (silvereye, sparrow, chaffinch) are unable to access the nectar in long-tubed native flowers (Sophora spp., Peraxilla spp., Fuchsia excorticata, Rhabdothamnus solandri), and act primarily as nectar-robbers (Delph and Lively 1985; Anderson 1997; Ladley et al. 1997 ). Short-tongued bumblebees (Bombus terrestris) rob nectar from long-tubed flowers by biting holes in the corolla (Donovan 1980) . Honeybees take nectar from the base of larger flowers (Anderson 1997) . Birds with small gapes (especially silvereyes) are unable to swallow larger fruits (Clout and Hay 1989) , though by pecking at the flesh they may disperse some seeds of small-seeded large-fruited species such as Fuchsia excorticata (Burrows 1994) . In general, the effectiveness of most visitors to flowers and fruit is scarcely studied. However, special emphasis should be placed on longtongued visitors (especially tui, and to a lesser extent bellbirds) to long-tubed flowers, and on large-gaped visitors (especially kereru) to large fruit, as particularly important.
Another gap concerns the role of introduced mammals in pollination and seed dispersal. New Zealand has only two plants apparently adapted to bat pollination, and for these, rats (Rattus spp.) or possums (Trichosurus vulpecula) may be partial substitutes (Lord 1991; Ecroyd 1996) . There are no indications that mammals are important in pollinating other native plants. Contributions by mammals to dispersal are less clear. Rats are largely seed predators but effect some dispersal of small-seeded species (Williams et al. 2000) , which are already well serviced by birds including silvereyes. Possums can disperse the seeds of small-fruited plants (Williams et al. 2000; Dungan et al. 2002 ), but have been tested on only one large-seeded plant, miro (Prumnopitys ferruginea), which they did not swallow. Pigs (Sus scrofa) eat and destroy large numbers of the seeds of some native plants such as tawa (Beilschmiedia tawa), hinau (Elaeocarpus dentatus; Thomson and Challies 1988) and matai (Prumnopitys taxifoIia; Cochrane 1994, p. 28) , but there are no data on whether any seeds survive to germinate from the dung. Information is also lacking on other large mammals such as goats (Capra hircus), sheep (Ovis aries), horses (Equus caballus), and cattle (Bos taurus), which could potentially provide some dispersal of largeseeded native plants; this warrants further investigation.
The major change in bird-plant mutualisms since human arrival is not a transition from natives to exotic species, but the shift from endemics to the silvereye, which has replaced declining or extinct endemics such as stitchbirds, saddlebacks, and (in Northland) bellbirds. The silvereye is now the most important mutualist, present through 80 % of the country, compared with 45-55 % for tui, bellbirds and kereru (Bull et al. 1985) , and responsible for 38 % of all fruit visits and 31 % of all flower visits to native plants. On flower and fruit visits combined, silvereyes are 35 % more important numerically than bellbirds, twice as important as tui, and more than three times as important as kereru. The previous conclusions by Clout and Hay (1989) , Lee et al. (1991) and Lord et al. (2002) -that kereru are the most important seed disperser in New Zealand forests -are true only for the small number of largeseeded, fleshy-fruited species in the flora (e.g., miro). The decline of kereru in parts of New Zealand threatens the dispersal of these large fruits (Clout et al. 1995) . It is clear from this review that exotic bird species have done very little to help replace declining endemics.
The fewer available data on insect visits to flowers suggest a greater shift toward exotic insects, with slightly more than a quarter of visits made by exotics. Surprisingly, given that Apis mellifera is the consummate insect pollinator and is one of New Zealand's commonest insects, other hymenopterans (Bombus, Vespula) were often more frequent flower-visitors. This trend may increase, as the spread of the varroa mite is expected to reduce feral honeybee numbers (Goodwin 2004 ).
In conclusion, considering all introduced animals together, their contribution to plant-animal mutualisms with native plants in New Zealand appears to be surprisingly small.
